ABSTRACT
INTRODUCTION
Diabetes mellitus metabolic syndrome consisting of two main groups, type 1 and 2, is characterized by absolute or relative insulin defi ciency or insulin resistance (Bhaskarabhatla, Birrer, 2005) . The major modes of treatment for diabetes are insulin administration, diet and exercises (Wilmore, David, 1999) . Individuals with diabetes mellitus take part in physical activity for health promotion, disease management, and recreational or competitive sports (Bhaskarabhatla, Birrer, 2005) . The role of regular exercise and physical training in improving glycemic control (regulation of blood sugar levels) in patients with type 1 diabetes has not been clearly defi ned and is controversial (Wilmore, David, 1999) . In people with type 1 diabetes, glycemic control might or might not be improved with exercise. But there are other potential benefi ts of exercises for these patients (Wilmore, David, 1999) . The benefi ts derived from regular physical activity include improved cardiovascu-lar fi tness, increased lean mass, improved blood lipid profi le, enhanced psychosocial well-being, lowered blood glucose, and decreased body adiposity (Bernardini et al., 2004; Defrin et al., 2004; The Diabetes Research in Children Network (DirecNet) Study Group, 2006; Riddell, Iscoe, 2006) . Exercise plays a big part in the lives of children and teens with type 1 diabetes too (The Diabetes Research in Children Network (DirecNet) Study Group, 2006) . We wanted to study the effects of aerobic exercise on glucose concentration in adolescents with type 1 diabetes mellitus. Aerobic exercise is a type of exercise that works the heart and lungs for an extended period of time. Walking, biking, swimming, jogging, dancing, jump-roping, and many other activities are considered aerobic exercise (The Diabetes Research in Children Network (DirecNet) Study Group, 2006) . Thus, the aim of this study was to estimate and to compare the effect of such aerobic exercise like swimming and aerobics on blood glucose concentration in adolescent girls with type 1 diabetes mellitus.
METHODS
Subjects. 19 girls aged 16.5 ± 0.24 years with the duration of diabetes for 8.1 ± 0.9 years and 28 healthy girls aged 16.9 ± 0.36 years participated in the study. None of the subjects was specializing in any form of sports training.
Anthropometric measurements. All the subjects were measured: 1. for their height (cm) -standing height was measured without shoes to the nearest 0.5 cm with use of the stadiometer, keeping the shoulders in a relaxed position and the arms hanging freely (Lohman et al., 1991) ; 2. body mass (kg) -standing weight was measured without shoes in the minimum clothing possible. Body mass index -BMI (kg / m 2 ) was calculated by dividing weight (kg) by height squared (m 2 ). According to BMI we assessed the distribution of healthy girls and girls with type 1 diabetes mellitus who were of normal weight, overweight, and obese, according to International Obesity Task Force's (IOTF) cut off points for body mass index (Cole et al., 2000) .
Physical program. Two experiments were carried out. The fi rst experiment was a 7-day physical program (7-day PP) consisting of aerobics and swimming. Aerobics and swimming sessions were held every day. The duration of these trainings was 45 minutes. At the beginning of aerobics training 10 minute warming-up exercises were done, then, basic aerobics exercises were done for 30 minutes. At the end of the training participants did stretching and breathing exercises for fi ve minutes. The aerobics trainings took place in the morning, 1-1.5 hours after breakfast. At the beginning of the swimming training session 15 minute warming-up exercises were done, and for the remaining 30 minutes the participants swam breaststroke and on the back (up to 200 meters). Swimming sessions were held in the second part of the same day -1.5 hour after dinner. The length of the swimming pool was 25 meters. Before and after the trainings in the gymnasium and the swimming pool we measured BG level. The intensity of the trainings was always adjusted according to the participant's pulse, which was intended not to exceed 144-156 beats / min.
During the other experiment, which cons i s t e d o f a 1 4 -w e e k s w i m m i n g p r o g r a m (14-week SP), 28 training sessions were held. The participants attended swimming training sessions two times per week. One training in the swimming pool lasted for 45 minutes. Before and after the training the capillary BG level was measured. The trainings took place in a swimming pool, the length of which was 25 meters. At the beginning of the training session a 15-20-minute exercise was done, and the participants swam breaststroke and crawl for the remaining 30 minutes. At the beginning short swimming distances (up to 200 meters) with the breaks were chosen. Later the distance was increased to 400 meters with the short breaks. The intensity of the training was always adjusted according to the pulse, which we did not want to get higher than 144-156 beats / min. Trainings in the water took place in the morning, 1-1.5 hours after breakfast. Blood analysis. Capillary BG level was measured before every physical training session and right after it. Capillary BG level was measured by blood glucose meter "Accuchek Go" and the results were received in Systeme International (SI) unit -mmol / l.
Statistics. Descriptive data were presented as mean ± SD. To check the hypothesis of the quantitative variable, Student's t-test was used. The groups (healthy persons and diabetics) were compared with a two-way analysis of variances (ANOVA). Pearson's correlation coeffi cient was used for the quantitative values. Statistical signifi cance was set at p < 0.05.
RESULTS
The prevalence rates of normal weight, overweight, and obesity using IOTF's cut-off points for BMI (Cole et al., 2000) are presented in Table 1 .
According to these fi ndings, 31.6% of the girls with 1 type of diabetes mellitus and 89.3% of the healthy girls were of normal weight, 52.6% of the girls with 1 type of diabetes mellitus and 10.7% of the healthy girls were overweight, and only 15.8% of the girls with 1 type of diabetes mellitus were obese. The expressions of those values were the same before and after the two experiments.
A 7-day physical program in the gymnasium (aerobics) showed a statistically signifi cant difference in BG level between healthy girls and girls with type 1 diabetes mellitus at the beginning of the experiment -before (p < 0.001) and after (p < 0.01) the fi rst day of aerobics training. At the end of the experiment -before (p < 0.01) and after (p < 0.05) the 7 th day of aerobics training a signifi cant difference in BG level between the healthy girls and girls with type 1 diabetes mellitus was also was noticed (Table 2) .
After the fi rst day of aerobics trainings, BG level did not been vary, it decreased only by 4.5% (p>0.05) for the diabetic subjects. At the end of the experiment -on the seventh day -BG concentration diminished by 8.6% (p < 0.05) after training. BG level for the healthy subjects was All subjects decreased after the fi rst day (p < 0.01) and after the sevent hday (p < 0.01) of aerobics training.
Comparing the BG concentration value before the fi rst day of aerobics training (the beginning of the experiment) and before the seventh day of aerobics training (the end of the experiment) of type 1 diabetes mellitus subjects, we saw that BG concentration decreased by 7.9% from the initial (fi rst training) value during a 7-day period, but this reduction was not statistically signifi cant (p > 0.05). Comparing the BG concentration value after the fi rst day of aerobics training and after the seventh day of aerobics training, a 11.9% statistically insignifi cant decrease from the initial (first training) value was observed during this period too (p > 0.05). A signifi cant decrease of BG concentration was observed comparing the BG concentration of healthy girls before the fi rst and before the seventh day of aerobics training (p < 0.001), but right after them the decrease of BG level value was insignifi cant (p > 0.05).
A 7-day duration physical program in the water showed a statistically signifi cant difference in BG level between healthy girls and the girls with type 1 diabetes mellitus at the beginning (before the fi rst day swimming session) and at the end (before the seventh day of swimming session) of the experiment (p < 0.001). After the fi rst day and after the seventh day of swimming training sessions, BG level between the healthy girls and the girls with type 1 diabetes mellitus did not vary (p > 0.05).
On the fi rst day, a 26.9% reduction (p < 0.001) in BG concentration was observed after the swimming training session for type 1 diabetes mellitus subjects. On the seventh day, a 22.2% reduction (p < 0.001) in BG level was noticed after the swimming training too. For the healthy subjects, after the fi rst day of swimming training, BG level did not vary (p > 0.05). But after the seventh day swimming session BG level decreased (p < 0.01) for the healthy subjects.
Comparing the BG concentration values before the fi rst day swimming training and before the seventh day swimming training of girls with type 1 diabetes mellitus, we found that BG concentration decreased by 19.2% from the initial (fi rst training) value during a 7-day period (p < 0.01). Comparing the BG concentration after the fi rst day of the physical activity in the water and after the seventh day of the physical activity in the water, a 14.0% reduction from the initial (fi rst training) value was observed during this period but it was not statistically signifi cant (p > 0.05). A significant decrease of BG concentration was observed comparing the BG concentration of healthy girls before the first and before the seventh day of swimming training (p < 0.05), and right after them (p < 0.001).
The differences in BG concentration between the healthy and diabetic groups during 14-week SP trainings (1, and 28) were statistically signifi cant (Table 3) . After the fi rst training, the mean blood glucose concentration between the groups differed statistically significantly (p < 0.001). BG level for girls with type 1 diabetes mellitus reduced by 31.2% (p < 0.001). Healthy subjects showed a statistically signifi cant decrease in blood glucose concentration too after the fi rst swimming training (p < 0.001). Comparing the change of glucose concentration between the groups during training 28, a statistically signifi cant difference in mean values before training (p < 0.001) and after it (p < 0.05) was noticed too. In the group of girls with type 1 diabetes mellitus, BG concentration was signifi cantly reduced by 30.9% (p < 0.001) after training 28 in the water. In the healthy group, BG level reduced too (p < 0.001).
Variable Healthy (n = 28) Type 1 diabetes mellitus (n = 19) p-value mean ± SD mean ± SD First swimming training session before 5.3 ± 0.7 mmol / l 9.6 ± 0.5 mmol / l p < 0.001 after 4.6 ± 0.8 mmol / l 6.6 ± 0.4 mmol / l p < 0.001 p 1 -value p < 0.001 p < 0.001 -28 th swimming training session before 4.9 ± 0.7 mmol / l 8.1 ± 0.7 mmol / l p < 0.001 after 4.4 ± 0.9 mmol / l 5.6 ± 0.6 mmol / l p < 0.05 p 2 -value p < 0.001 p < 0.001 -Note. p-value -signifi cance level of blood glucose concentration (mmol / l) between healthy girls and girls with type 1 diabetes mellitus; p 1 -value -signifi cance level blood glucose concentration (mmol / l) within the group after the fi rst swimming training; p 2 -value -signifi cance level blood glucose concentration (mmol / l) within the group after the 28 th swimming training. Regular swimming (7-day program and 14-week program) reduced BG concentration for the girls with type 1 diabetes mellitus (p < 0.001). The absolute change of BG level, after the first day and after the final day of the 7-day and 14-week swimming was bigger than the absolute change of BG concentration after the first day and after the final day of 7-day aerobics training (Fig.) .
So swimming, as one of aerobic activities, has greater effect on BG level for diabetic subjects than aerobics training.
DISCUSSION
BMI is considered one of the most appropriate measures for the indirect assessment of adiposity in adolescent (Frontini et al., 2001 ). In the current study the prevalence of overweight (52.6%) and obesity (15.8%) for girls with type 1 diabetes mellitus was found to be relatively high. The registered data are similar to those observed by the foreign scientists too -according to which, the teenage girls with type 1 diabetes mellitus subjects have a tendency for being overweight (Roldan et al., 1999; Ingberg et al., 2003; Libman et al., 2003) .
Estimating the effect of regular 7-dayPP on BG concentration, aerobics and swimming training decreased BG level for all participants. Physical activity in the water had a greater impact on the dynamics of BG level for the girls with type 1 diabetes mellitus. Physical exercises improved glycemia control for girls with type 1 diabetes mellitus and for healthy girls too. So, physical exercises are useful for improving the functional state of both healthy and type 1 diabetes mellitus subjects and they decrease glucose concentration in blood (Koivisto, 1991; Maughan, Shirreffs, 1996; Foss, Keteyian, 1998; Mosher et al., 1998; Wilmore, David, 1999; Herbst et al., 2006) . BG concentration effectively decreased du- The first day of the experiment The final day of the experiment Swimming Aerobics 7-day 14-week Swimming ring the regular 14-weekSP for all participants, but especially for diabetic girls (p < 0.001). In accordance with these results of our experiment, the following conclusion can be made: longterm and regular aerobic exercises effectively decrease BG level. Similar statements were also made by some other foreign scientists (Raguso et al., 1995; Temple et al., 1995; Mosher et al., 1998; Wilmore, David, 1999) . Specific biochemical organism changes takes place in water: water environment limits perspiration emission, therefore, upon the presence of similar water and air temperature, in the water the human organism releases four times more of heat, oxidation processes become more intensive due to the increased heat conduction, energy input is larger (Maughan, Shirreffs, 1996; Foss, Keteyian, 1998; Maughan, Gleeson, 2004) .
CONCLUSIONS
Aerobic exercises had a positive impact on the blood glucose concentration for healthy girls and girls with type 1 diabetes mellitus:
1. A 7-day physical program (aerobics and swimming trainings) decreased blood glucose concentration for all participants. However, physical activity in the water decreased blood glucose concentration for type 1 diabetes mellitus subjects more signifi cantly than aerobics. 2. A 14-week swimming program decreased blood glucose concentration, but a marked change of this dimension was observed for the girls with type 1 diabetes mellitus. So, both aerobic exercises -swimming and aerobics -reduced blood glucose concentration, but a marked change of this index was observed after the physical activity in the water.
